Chrysanthemum indicum Flower is usually consumed as functional food. This paper described an improved total quality assessment method for Chrysanthemum indicum Flower by simultaneous quantitation using a single standard to determine multi-components method combined with high performance liquid chromatography fingerprint analysis. Six main components of Chrysanthemum indicum Flower including two flavonoids and four phenolic acids were simultaneously quantified using linarin as the internal reference standard. The method was fully validated with respect to linearity, precision, accuracy, robustness and stability.
1.

Introduction
Chrysanthemum indicum Flower (CIF) is a well-known edible and medicinal plant with small yellow flowers. Flowers and buds of CIF are widely used as a food supplement, or herbal tea, which are considered as the health food by many consumers. It is also widely used to treat various immune-related disorders, hypertension symptoms and several infectious diseases such as stomatitis and fever in folk medicine in China and Korea for centuries [1] [2] [3] . CIF is known to contain several classes of biologically active compounds including essential oils, terpenoids, flavonoids, and phenolic acids [4, 5] . Among the nonvolatile oil, the major active components include flavonoids of luteolin-7-O-β-D-glucoside and linarin, as well as phenolic acids of chlorogenic acid, 3,5-di-O-caffeoylquinic acid, 3,4-di-O-caffeoylquinic acid and 4,5-di-O-caffeoylquinic acid. The phenolic acids have antibacterial, antiphlogistic, antimutagenic, antioxidant and other biological activities [6] . Linarin and luteolin-7-O-β-D-glucoside are used as remedies because of their antiphlogistic, spasmolytic, good antioxidant and free radical scavenging properties [7] .
In recent years, there have been more and more applications for CIF extracts especially in the nutraceutical and food areas. Since distributed widely in China, the quality of CIF differs. Therefore, a reasonable assessment method for CIF is urgently required. In the past decades, a huge number of analytical strategies have been designed to assess the quality of natural dietary supplements (NDSs). These involved quantification of a single compound or multiple components, as well as fingerprint analysis. Single marker compound quantification is simple and convenient, but it does not afford sufficient quantitative information for the other bioactive components in complex NDSs [8] . Meanwhile, fingerprint analysis can control the quality consistency and stability of food products [9] , but it cannot provide accurate quantification of analytes in NDSs [10] . Thus, it is reasonable and essential to combine multicomponent determination with fingerprint analysis to control the total quality of NDSs. However, the limited availability of various chemical standard substances for quantitative analysis is a major hurdle [11] . On assessing the alternative measures available for the practical comprehensive determination of NDSs, the single standard of determination multiple components (SSDMC) method is worth considering [12, 13] . Through the above analysis, it is necessary to perform the method based on SSDMC method and fingerprint analysis in routine quality control of CIF. In the process, techniques such as HPLC [14] , gas chromatography (GC) [15] , high performance capillary electrophoresis (HPCE) [16] , gas chromatography-mass spectrometry (GC-MS) [17] and liquid chromatography-mass spectrometry (LC-MS) are often used. However, HPLC is simple, reliable and inexpensive, and has been widely used for quality control of herbal dietary supplements.
In this study, HPLC chromatogram with a good separation and symmetrical peak shape was achieved. The highest content of six components in CIF included chlorogenic acid, luteolin-7-O-β-D-glucoside, 3,4-di-O-caffeoylquinic acid, 3,5-di-Ocaffeoylquinic acid, 4,5-di-O-caffeoylquinic acid and linarin, the peak areas of which were above 75% of the total. Thus, the simultaneous quantification of the six active compounds would be of significant value for the quality control of CIF, but to date, no reports have been published. We present here a simple and reliable HPLC method, which allows the simultaneous quantification of the six major components using linarin as the internal reference standard. The new method was fully validated, and the results were compared with those obtained from traditional external standard method. The developed method was successfully applied to the quantitative analysis of 33 batches of CIF from different regions. Meanwhile the HPLC fingerprints of CIF were established under the same chromatographic conditions. Sixteen peaks in the chromatography were marked as the common peaks. Multivariate statistical analysis technique including principal component analysis (PCA) and similarity analysis (SA) were used to differentiate between commercial CIF samples. The present study involves a combination of CIF quantitation of 6 chemical constituents, fingerprints, SA and PCA. This combination offers a method to ensure quality consistency of commercial samples.
2.
Materials and methods
Instrumentation and chromatographic conditions
Shimadzu 20A HPLC System (Shimadzu Corporation, Japan) comprised a binary solvent delivery system, an on-line degasser, an auto-sampler, a column temperature controller and a photodiode array detector coupled with Lab Solution software. Additional different HPLC instrument was used. Agilent 1260 HPLC system compromised a quaternary solvent delivery system, an on-line degasser, an auto-sampler, a column temperature controller and a photodiode array detector coupled with an analytical workstation. KH5200b sonicated bath (He Chuang, Kun Shan, Co. Ltd) was used for sample preparation. A BP 211D balance (Sartorius, Germany) was used to weigh the samples.
The separation was performed on a Luna C18 column (4.6 mm × 250 mm, 5 μm, Phenomenex Inc, CA, USA) protected by a Security Guard C18 guard column (4.0 mm × 3.0 mm, 5 μm, Phenomenex Inc.) with a sample injection volume of 10 μl. Detection wavelength was set at 326 nm. The flow rate was 0. 
2.2.
Chemicals and standards 
2.3.
Materials
Thirty three batches of representative samples of CIF were collected from different regions involving thirteen provinces of China (Table 4) , and all were identified by Professor Jia Ying, who is in the School of Chinese Material Medica at Shenyang Pharmaceutical University. All these samples have been harvested in the fall of 2012 and were obtained from commercial sources and through online.
Preparation of standard solutions
Stock solutions of the reference standards (Gallic acid, Chlorogenic acid, Cryptochlorogenic acid, caffeic acid, 
Preparation of sample solutions
0.5 g of the powdered CIF was sonicated in 20 ml of 60% methanol for 30 min. The solution was then transferred to a 10 mL volumetric flask. Prior to the sample injection, an adequate volume was passed through a 0.45 μm PTFE membrane filter and the first portion of the filtrate was discarded. The subsequent filtrate was stored as the sample solution.
Calculation of relative response factor and relative retention time
The RRF of reference standard X (RRFx) was calculated based on the linearity data. It was briefly described as following two equations: The ABi and Axi are the peak areas of the internal single standard (linarin) and the other reference standards (X), at the concentration level i. The CBi and Cxi are the concentrations of the linarin and the other reference standards (X), at the concentration level i. The Fx and RRT were calculated by formulas as follows: RRFx = ABi.Cxi / Axi CBi, RRT = tx/tB, tB is the retention time of the linarin CRS obtained from a chromatogram, in minutes. tX is the retention time of the others.
Validation of the SDDMC method
The SSDMC method, with linarin selected as the internal single standard, was validated for specificity, stability, linearity, limit of quantification (LOQ), precision (within-and between-day variability), and robustness. The results of the precision, accuracy and robustness calculated by the SDDMC method were compared with the results obtained from the traditional external standard method using the paired t-test. PCA is a sophisticated technique widely used for reducing the dimensions of multivariate problems. It reduces the dimensionality of the original data set by explaining the correlation among a large number of variables in terms of a smaller number of underlying factors without losing much information. In this study, the PCA was performed on the relative peak area of common peaks in the HPLC fingerprints by SPSS 19.0 software.
HPLC fingerprint analysis
3.
Results and discussions
Calculation of relative response factor and relative retention time
Using linarin as the internal standard, the RRFs and RRT of six standards were calculated based on results of linearity. As shown in Table 2 , the RRF of luteolin-7-O-β-D-glucoside was 1.01. The RRFs of chlorogenic acid, 3,4-di-O-caffeoylquinic acid, 3,5-di-O-caffeoylquinic acid, and 4,5-di-O-caffeoylquinic acid were 0.71, 0.65, 0.61 and 0.60, respectively. The similarity of RRFs could be explained by the similar chromophore groups of analytes. In addition, the RSDs were less than 4.0%, indicating that the values of the RRFs obtained on the same instrument were stable. The calculation of RRT was necessary so that the peaks could be identified with only the internal standard. From Table 2 , the RSDs of RRT less than 0.7% suggested that the RRTs obtained on the same instrument were highly repeatable.
Through seven concentration standard solutions, the ruggedness of RRT and RRF of six analytes were compared with different equipments (Agilent 1260 and Shimadzu 20A) and columns (Phenomenex). As shown in Table 1 , the average RRFs of luteolin-7-O-β-D-glucoside, chlorogenic acid, 3,4-di-O-caffeoylquinic acid, 3,5-di-O-caffeoylquinic acid, and 4,5-di-O-caffeoylquinic acid were 0.74, 1.01, 0.65, 0.61, and 0.60, respectively, using the above described conditions. RSDs were <4.7%. The results showed that the RRFs for each analytes were quite similar at detection wavelength of 326 nm under different columns and HPLC instruments, indicating a good durability of the RRFs. The RRT was quite stable in different equipments and columns with the RSDs < 2%. In general, both the RRT and RRF were fluctuated in a relative narrow range in different equipments and columns.
3.2.
Validation of the SDDMC method
Specificity and stability
The specificity was estimated by comparing the consistency of the retention time and UV spectrum between a sample and the corresponding reference standard. Fig. 1A and B shows that the six main components in the chromatogram of CIF could be identified by the corresponding standards. Meanwhile, peak purity detection function of PDA was used, which confirmed acceptable purity of the six analytic peaks in the sample chromatogram. The stability of sample solution was analyzed by calculating the coefficient of variation of the main peak area in the same sample after storage for different times. As shown in Table 3 , the results of the stability evaluation indicated that RRT: relative retention time; RRF: relative response factor; 'x' was the concentration of standard compound, in μg/mL. 'y' was the peak area of standard compound at correspondent concentration. the sample solution was stable for almost 24 h, with the RSDs of peak areas less than 3%.
Linearity range
Calibration plots for the six compounds were obtained over the calibration range at seven concentration levels. The seven point calibration curves for six compounds showed a linear correlation between concentration and peak area with r > 0.9997 ( Table 2 ). The limits of quantification for six analytes were listed in Table 2 , which indicated high sensitivity under the HPLC conditions.
Precision and accuracy
The within-day variability of precision was performed by three replicates at three different concentrations. The between-day variability of precision was analyzed by three replicates each day on three consecutive days. The accuracy was determined by a recovery test performed by spiking all of the reference standards into a sample (0.25 g) of CIF powder, followed by extraction and analysis as above described. Three concentration levels, covering the 75.00-125.0% ranges of a known amount of analyte in the sample, were established in order to perform the recovery test.
For establishing the within-day variability, the RSDs of six analytes were within 2.0%. Furthermore, the results performed by the two methods showed no remarkable differences using paired t-test (P = 0.161). For the between-day variability, the RSDs of six analytes were within 2.2% except for linarin (RSD = 4.4%). The results obtained by the two methods showed no remarkable differences (P = 0.301). For the recovery test, the recoveries of all of the analytes were in the range 90.0-108% with the RSDs less than 5.4%. The recovery between the two methods showed no remarkable differences (P = 0.068). Through the above discussed validation and comparison, it was shown that the SSDMC method could obtain coincident and reasonable accuracy and precision compared with the traditional external standard method.
Robustness
In order to apply the SSDMC method in different laboratories, the factors studied were adjusted subjectively one variable at a time (OVAT) to investigate the significant affecting factors for this method. Eight experimental conditions were slightly varied, including column temperature (±1°C) flow rate (±0.1 ml/min), concentration of acid (±0.1%), ratio of organic phase (±1%), time of gradient (±1 min), wavelength (±2 nm), and injection volume (±5 μl). The parameters, including RRF, RRT, total content, theoretical plate number (N), and peak-tailing factor (T), were compared to determine the robustness of the SSDMC method. The results as followed: (1) 2) The values of RRT at each level of the eight factors were well distributed except for the factors of flow rate and ratio of organic phase. RSDs ranged in 2.0%-5.4% at the two levels of factors, indicating that a slight variation of flow rate and proportion of mobile phase had a significant effect on RRT. (3) The total contents of the six analytes varied on the factor of flow rate (RSDs ranged in 3%-4%), but were invariable on the other factors. The phenomenon was consistent with the tendency of N. (4) The values of T at each level of the eight factors were stable. The factor of flow rate had a significant affect on R, but all the values of R were more than 2.
Above all, the flow rate, and proportion of mobile phase should be controlled in the HPLC method for CIF, while the other conditions were allowed to vary in the certain range on the basis of above analysis.
Application of the SSDMC method
The validated SSDMC and ESM methods were employed to assay 33 batches of CIF from different origins. The total contents of six analytes were listed in Table 4 . From the Box plot in Fig. 2 , the six major components were detected in all CIF samples, whereas their contents differed greatly from each other especially for linarin (component 16), probably due to the differences of harvest time, geographical climate, process and storage. In addition, the SSDMC method could obtain accordant values compared with the traditional external standard method for assay of the different CIF samples (P = 0.318).
HPLC fingerprint analysis
Based on the results of determination, HPLC fingerprints for CIF were established. Reference chromatographic fingerprint for CIF extracts was generated based on the 33 samples obtained from various sources. The pattern fingerprints of CIF were illustrated in Fig. 3 . As shown in 
Similarity evaluation
It was necessary that chromatographic fingerprint of CIF from various sources should be evaluated by their similarities, which obtained from the calculation on the correlative coefficient of original data. Thus the correlation coefficient between each chromatogram of CIF samples and the simulative mean chromatogram was shown in Table 1 . The results indicated that the samples shared different correlation coefficients of similarities. Furthermore, the samples from eastern China involving Henan, Hubei, Jiangsu, Anhui, Zhejiang and Jiangxi (except S5, S6, and S7) achieved the higher value of similarity among 33 samples, which suggested that samples from the above regions shared a similar chromatographic pattern. While, the samples from southwestern and southern China including Gui zhou, Sichuan, Guangxi, Hunan, Guangdong had the adverse result, suggesting that these products differ from those with a high similarity value.
Principle component analysis (PCA)
Since the mean chromatograms of each source indicated that differences among samples mainly existed in the content variations of common components. In order to evaluate the discrimination ability of these common components, PCA was employed using the RPAs of 16 common peaks as input data instead of the full spectrum of fingerprints without any preprocessing. The RPAs of common constituents in 33 batches of CIF samples from various sources formed a matrix of 16 × 33. The first two principal components, PC 1 and PC 2, which reflected 95.5% of the total variance in these samples, were chosen to provide a convenient visual aid for identifying inhomogeneity in the data sets. As depicted in Fig. 4 , the samples could be classified into three groups, which were marked as groups I-III. Regardless of the overlapped marks, group I consisted of 16 samples totally from southeastern China including Anhui, Henan, Hubei, Jiangsu, and Zhejiang except S26 from Guangdong; group II consisted of 11 samples collected from southwestern and southern China involving Sichuan, Guizhou, Guangxi, Hunan, Guangdong and Jiangxi; group III consisted of 3 samples from Anhui and Hubei. The samples classified into the same group had similar chemical properties/components. Groups I and II were partially overlapped and the overlapping area consisted of 3 samples from Zhejiang and Jiangxi as the transitional regions of eastern and southern China. Group III was far from group I, which could be explained by the differences of storage, harvesting time or other potential factors. Additionally, the data listed in Table 1 confirmed that the similarity values of samples in groups I-III was in fit the decrement tendency.
Conclusions
In summary, a simple, efficient and enhanced quality assessment method for CIF was established. In contrast to the conventional quality assessment standard of CIF, the SSDMC method overcame the scarcity and cost of chemical reference substances. It is the first time using SSDMC method for simultaneous quantification of the six components in CIF. The method proved to have good linearity, precision, recovery, stability and robustness. Additionally, fingerprint analysis in combination with SA and PCA was performed to identify the CIF samples from different regions under the same chromatographic conditions. The results demonstrated that HPLC coupled with determination using SSDMC method and fingerprint analysis is a powerful and practical tool for comprehensive quality control of CIF and can be replicated for other herbal medicines with multiple components.
